significantly higher odds of being in the lowest OHRQOL quartile at the age of 10 (OR = 1.69; 95% CI: 1.17-2.45). Our study highlights the importance of oral health during childhood, because those who get a compromised start to oral health are much more likely to follow a trajectory which will lead to poor oral health (-related QOL) later. OHRQOL is not only related to current oral health experiences but also to oral health experiences from the past.
as well as the functioning in social interaction [Sischo and Broder, 2011] . Thus, the concept as such is very suitable for measuring the perceived oral health of individuals.
Determinants of OHRQOL have been widely investigated but are not yet understood in detail. Most research on determinants of OHRQOL is guided by the conceptual model of Wilson and Cleary [1995] . This model distinguishes between characteristics of the individual (e.g. self-esteem), characteristics of the environment (e.g. socioeconomic position), and clinical factors (e.g. caries) that influence OHRQOL. Determinants of OHRQOL are mainly investigated in cross-sectional studies. Psychosocial factors like self-esteem or sense of coherence and environmental factors like socioeconomic position seem positively correlated with OHRQOL [Baker et al., 2010; Kumar et al., 2014] . Clinical factors are negatively correlated with OHRQOL [Barbosa et al., 2016; Guedes et al., 2016] . The most important clinical factor in oral health research is the diagnosis of caries. Caries experience in childhood has a prevalence of 60-90% worldwide and is a strong predictor for later caries experience and other oral diseases [Skeie et al., 2004; Isaksson et al., 2013; Mejàre et al., 2014] .
However, all of the different individual, environmental, and clinical factors, including caries, do not directly explain much of the variation in children's OHRQOL as shown in cross-sectional studies. This raises the question whether OHRQOL might also be related to oral health experiences from the past. Longitudinal research about different determinants on OHRQOL is scarce. The existing longitudinal literature mainly focusses on the evaluation of dental treatments but does not investigate the longitudinal influence of disease and its related experiences on OHRQOL Silvola et al., 2016] . However, age emerged consistently as a crucial determinant of OHRQOL [Bönecker et al., 2014] , and OHRQOL decreases with increasing age [Jokovic et al., 2005; Martins-Junior et al., 2013; Pulache et al., 2016] .
The relationship between childhood caries and OHRQOL at school age has not yet been investigated in such a large cohort study. Research on the effect of caries treatment has shown that patients perceive improved OHRQOL after treatment. However, treatment cannot shift the OHRQOL level as high as the OHRQOL level of caries-free children [de Paula et al., 2015] . In this study, we relate dental caries at the age of 6 with OHRQOL assessed at the children's age of 10, whether they were treated or not.
Materials and Methods

Design and Cohort
The present study was embedded in the Generation R Study, a population-based prospective cohort study from fetal life onwards, which was initiated to identify early environmental and genetic determinants of growth, development, and health. The Generation R Study has been previously described in detail [Jaddoe et al., 2012; Kruithof et al., 2014] . The Generation R Study has been conducted in accordance with the World Medical Association Declaration of Helsinki, and all study phases have been approved by the Medical Ethics Committee of the Erasmus Medical Center, Rotterdam, The Netherlands (MEC-2012-165) . The present study has been performed in compliance with the STROBE guidelines.
All pregnant women living in Rotterdam with an expected delivery date between April 2002 and January 2006 were invited to participate in the study. In the study phase from 5 years onwards 6,690 visited the research center. Participants with missing information on caries at the age of 6 or OHRQOL at the age of 10 were excluded from this study. A detailed flowchart for the participant selection is presented in figure 1 .
Participants who visited the research center for the study phase from 5 years onwards (n = 6,690)
Participants with available data on the dmft index around the age of 6 (n = 5,323)
Participants with available data on the dmft index and who gave consent for the study phase from 9 years on (n = 4,945)
Participants with available data on the dmft index at the age of 6 and OHRQOL at the age of 9 (n = 2,833)
Excluded because no dental photos were taken (n = 365) or the quality of the photos was insufficient (n = 1,002)
Excluded because of loss to follow-up (n = 378)
Excluded because of no questionnaire response (n = 140) or more than 30% of the COHIP answers were missing (n = 1,972) 
Caries Experience
The decayed, missing, and filled teeth index (dmft) was used to assess dental caries in the 6-year-old children [World Health Organization, 2013] . The dmft score of each child was obtained from intraoral photographs taken by trained nurses and dental students. Before taking photographs, the children brushed their teeth, and the teeth were dried with a cotton roll. The images were taken with one of two intraoral cameras, the Poscam USB intraoral camera (Digital Leader PointNix) and the Sopro 717 (Acteon) autofocus camera. Both cameras had a resolution of 640 × 480 pixels and a minimal scene illumination of f 1.4 and 30 lx. The whole dentition was captured with 10 photographs. The photographs were judged by one pediatric dentist (intrarater reliability κ = 0.95), and a second calibrated pediatric dentist judged 10% of the photographs (inter-rater reliability of κ = 0.62). Scoring dental caries per tooth on intraoral photographs has been described elsewhere with a high sensitivity (85.5%) and specificity (83.6%) compared to ordinary oral examination [Elfrink et al., 2009] . If one or more primary teeth were not able to be judged on the photographs, no dmft score was given.
Generally, the dmft score ranges from 0 to 20. For the analysis, the dmft index was categorized into 3 groups: caries-free children (dmft = 0), children with mild caries experience (dmft score = 1-3), and children with severe caries experience (dmft score >3). The cutoff for the categorization was based on the mean dmft score of 5-year-old Dutch children (mean ± SD: 1.6 ± 2.5) and was also used in other studies [Schuller et al., 2013; Pulache et al., 2016] .
Oral Health-Related Quality of Life
The OHRQOL of the children was assessed at the children's age of 10 by parental questionnaires with a shortened form of the Child Oral Health Impact Profile (COHIP) . This CO-HIP had 11 items, which covered the following domains of OHRQOL: oral symptoms, functional well-being, emotional wellbeing, and school and peer interaction (online suppl. appendix table A.1; for all online suppl. material, see www.karger.com/ doi/10.1159/000448599). The questions referred to the oral healthrelated experiences in the last 3 months and were answered on a 5-point Likert scale: never (5 points), almost never (4 points), sometimes (3 points), often (2 points), and always (1 point). OHRQOL was scored by the sum of the answers, with each question having the same weight. One item was positively formulated and therefore reversed to ensure that the highest score reflected the best possible OHRQOL. The final range of the COHIP score was 11.0-55.0. Participants that missed answers on more than 3 items were excluded from the analysis. For participants that missed up to 3 answers, missing values were replaced by the mean answer score based on the remaining items. OHRQOL was not normally distributed, and because transformation of the data did not lead to useable results we decided to categorize OHRQOL into quartiles (online suppl. appendix table A.2). In the descriptive table 1 we present data on OHRQOL as median with 90% range. The median indicates the OHRQOL value which would separate the study population into 2 equally sized groups. The 90% range indicates the range of OHRQOL scores into which 90% of the children fall.
Covariates
The following variables were considered to influence the association between dental caries at the age of 6 years and OHRQOL assessed at the age of 10: child's gender, ethnicity and age at answering the COHIP, socioeconomic status measured as maternal education level (high vs. low), family income (EUR <2,400 vs. ≥ 2,400), and marital status of the mother (single vs. partnership).
Information of these potential covariates was collected by questionnaires at the children's age of 6. Furthermore, we considered following oral health (behavior) variables as potential confounders: toothbrushing frequency (once a day vs. twice or more a day), dental visits in the last year (yes vs. no), and malocclusion at the age of 10. Malocclusion was assessed with the Dental Health Component of the Index of Orthodontic Treatment Need (IOTN-DHC). The IOTN-DHC was assessed from photographic and radiographic records taken at the children's age of 10. This method has been described elsewhere .
Data Analysis
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) for Windows, version 21 (IBM SPSS Inc., Chicago, Ill., USA). Figures were created in Microsoft Word and Microsoft Excel (Microsoft Office Professional Plus 2010). Characteristics of the study population were explored with frequency tables and cross-tabulations stratified by caries experience at the age of 6 years. Differences in sample characteristics between children with and without dental caries at the age of 6 years were evaluated with χ 2 tests and Mann-Whitney U tests.
Multinomial logistic regression was used to investigate the association between dental caries at the age of 6 and OHRQOL at the age of 10. We built 3 different models. The first model was the crude model adjusted only for gender and age. The second model was additionally adjusted for socioeconomic position, and the third model also took oral health behavior into account. We only included those socioeconomic factors that were statistically significantly different between children with and without caries experience. We performed a test for trend analysis by treating the categorized variable as a continuous term. We also tested for interaction effects of gender and ethnicity as well as orthodontic treatment need with caries, but none of them were significant. For all analyses a p value <0.05 was considered to be statistically significant. In order to reduce potential bias associated with missing data, we performed multiple imputation of missing covariates by generating 5 independent data sets using the Markov Chain Monte Carlo method, assuming no monotone missing pattern [Sterne et al., 2009] . This method takes into account the uncertainty of the imputed values to generate new data sets based on a fully conditional specified model. Imputations were based on the relationship between all variables considered to be included in the models; determinant and outcome were not imputed. We present effect estimates based on the pooled data sets. However, we also conducted a sensitivity analysis in the original data set (online suppl. appendix table A.3).
Nonresponse Analysis
The children included in this study were compared to the children excluded from the study. Children with missing data on the dmft index or OHRQOL score differed from children without missing these data on all covariates except for gender, toothbrushing frequency, presence of malocclusions, and OHRQOL (p > 0.05; online suppl. appendix table A.4). 
Results
Sample Characteristics
In total, 2,833 children participated in this study. The median OHRQOL of the children at the age of 10 was 50.00 (90% range: 42.00-53.00), with a minimum score of 29.0 (prevalence: 0.1%) and a maximum score of 55.0 (prevalence: 0.9%). In table 1 the maternal and child characteristics of the study population are presented by caries experience. In total, 24.7% (n = 700) of the children expe- rienced dental caries at the median age of 6.09 (90% range: 5.73-6.80), of whom 32.6% (n = 228) had a dmft score >3. Mothers of children with dental caries were lower educated (p < 0.001), had a lower household income (p < 0.001), and were more often of non-European origin (p < 0.001). Child characteristics such as gender, age, and oral health behavior did not differ between children with and without dental caries. The children with caries at the age of 6 had significantly lower OHRQOL scores at the age of 10 compared to the children who were caries free at the age of 6 (p < 0.001).
Associations between Dental Caries and OHRQOL
In table 2 the results of the multinomial logistic regression models illustrating the differences on OHRQOL between children without caries and children with mild or severe dental caries at the age 6 are presented. Based on the crude model, children with a mild dmft score were 1.33 times and children with a severe dmft score 2.05 times more likely to be in the lowest OHRQOL quartile (mean ± SD: 43.6 ± 2.7) at the age of 10 compared to children who were caries free at the age of 6. After adjustment for socioeconomic status, these associations between the children with a mild dmft score and the lowest OHRQOL quartile lost significance (OR = 1.24; 95% CI: 0.94-1.64), but for the children with a severe dmft score the associations remained significant (OR = 1.69; 95% CI: 1.17-2.45).
Although the association between mild or severe dmft index and the 2nd and 3rd OHRQOL quartile (mean ± SD: 48.2 ± 0.8 and 50.0 ± 0.0, respectively) was not statis- ORs were estimated using multinomial logistic regression models. Model 1 was adjusted for child's gender and age, model 2 was additionally adjusted for socioeconomic indicators, and model 3 was also adjusted for oral health behavior and orthodontic treatment need.
1 p value for trend was calculated by adding the dmft variable treated continuous term to the model. Median (90% range) OHRQOL scores of 10-year-old children with no caries at the age of 6 (healthy, n = 2,133), children with a dmft score of 1-3 at the age of 6 (mild caries, n = 472), and children with a dmft score >3 at the age of 6 (severe caries, n = 228). * p = 0.03, * * p < 0.001, Mann-Whitney U test. 476 tically significant, a clear trend was visible and confirmed with the test for trend analysis. Thus, the higher the dmft score at the age of 6, the lower the OHRQOL score at the age of 10 in all models (p < 0.001). However, in figure 2 it is shown that the actual differences in median OHRQOL scores among the 3 groups -caries free = 50.0 (43.0-53.0), mild caries = 49.0 (41.0-53.0), and severe caries = 49.0 (40.0-53.0) -were rather small. Oral health-related behavior was not associated with dental caries or with OHRQOL. Accordingly, adjustment for oral health-related behavior had no effect on the association between dental caries at the age of 6 and OHRQOL at the age of 10, as can be seen in the small differences in effect estimates between model 2 and model 3.
Discussion
The results of our study showed that caries experience at the age of 6 and OHRQOL at the age of 10 are inversely related. In particular, children with severe caries at the age of 6 are significantly more likely to have lower OHRQOL at the age of 10 compared to children without caries experience at the age of 6. Based on our results, we highly endorse the importance of targeting oral health prevention strategies at young children.
Several previous studies have assessed the influence of caries on OHRQOL. Comparison with our results is difficult because most of the studies had a cross-sectional design, used a different OHRQOL measure, or investigated the effect of treatment instead of disease. Nevertheless, caries had an impact on OHRQOL cross-sectionally assessed [Correa-Faria et al., 2016] . Effect estimates of these studies consistently indicated a 3-fold increased risk for lower OHRQOL in children with dental caries compared to children without dental caries: relative risk (RR) = 2.97 (1.61-5.47) [Martins-Junior et al., 2013] , RR = 2.74 (2.02-3.72) [Kramer et al., 2013] , and RR = 3.81 (2.66-5.46) [Abanto et al., 2011] . Because of the large time interval between caries assessment and OHRQOL assessment in our study, we expected a weaker association compared to the previous cross-sectional studiesalso because one other study showed an RR of 1.4 (1.1-1.7) for the relationship between untreated dental caries at the age of 6 (dmft score >3) and OHRQOL at the age of 12 [Peres et al., 2009] . Similarly in our study, children with a dmft score >3 at the age of 6 were 1.69 times more likely to be in the lowest OHRQOL quartile at the age of 10 compared to children with a dmft score of 0. The effect sizes in our study need to be interpreted carefully because they do not show the actual decrease in OHRQOL but the likelihood of being in the lowest OHRQOL quartile of our particular study population. The absolute decrease in OHRQOL is rather small, as we have shown in figure 2 . Small effect sizes are a common problem in QOL research because there is always a tendency towards high scores [Raat et al., 2005] . No consensus exists about the minimal clinical difference of the OHRQOL measure we used; however, this might also be less relevant as children with caries experience at the age of 6 have a systematic lower OHRQOL at the age of 10.
The results of our study should be seen in the light of several limitations. Mothers of children who were included in the study were on average higher educated, had a higher household income, and had more often a European background than those of children who were excluded. This could have led to a selection bias if the association between caries and OHRQOL differed between those excluded and included, but this seems unlikely. We did not distinguish between the effect of treated and untreated dental caries on later OHRQOL, as was done by Peres et al [Peres et al., 2009 ]. As we assessed the dmft index at one time, misclassification of treated and untreated caries would have been likely because there is no consensus among dentists on how to treat dental caries in the primary dentition, and treatment could have taken place shortly after the dmft assessment. Furthermore, for our research question dental treatment was less important because we were interested in the effect of early caries experience on OHRQOL later in life. Finally, the assessment of dental caries from intraoral photographs might be generally limited since oral examination is the gold standard, and intraoral photographs have been validated to perform moderately for the clinical diagnosis of dental caries but suitable for scientific studies [Elfrink et al., 2009; Gimenez et al., 2015] . Therefore, the assessment of dmft indices in this study might have been affected by a nondifferential measurement error leading to misclassification and underestimation of the association between dental caries and OHRQOL. We also did not adjust our analysis for dental caries at the time point of OHRQOL assessment because these data were not available. At the time point of OHRQOL assessment the children were 10 years old and thus having a transitional dentition, which would have limited the reliability of the dmft index. Although our analyses were adjusted for socioeconomic status and oral health behavior, residual confounding might have occurred. Nevertheless, the present study is the first one worldwide evaluating the longitudinal relationship of caries with OHRQOL in a large population-based pro-spective cohort study among 2,833 children. The prospective design of the study is most suitable for evaluating long-term effects of caries, as caries is still a highly prevalent disease during childhood [World Health Organization, 2012] .
We have two theoretical explanations for the present results. First, the strong relationship between caries experience at the age of 6 and OHRQOL at the age of 10 could be based on the fact that caries experience at a young age is a strong predictor for later caries. Different studies have shown that the main risk factor for dental caries is previously experienced caries [Skeie et al., 2006; Declerck et al., 2008; Mejàre et al., 2014] . In this case, the caries assessment at the age of 6 could be seen as a proxy for caries at the age of 10, and our effect estimates were mediated by the cross-sectional relation between dental caries and OHRQOL. Our trend results have supported this hypothesis because the higher the dmft score at the age of 6, the lower the OHRQOL at the age of 10. Secondly, the strong relationship between caries experience at the age of 6 and OHRQOL at the age of 10 could be based on psychological factors. Children with severe caries at a young age remember their bad experiences and therefore still have impaired OHRQOL later in life. Dental caries affects OHRQOL via pain perception [Peres et al., 2009; Ortiz et al., 2014; Guedes et al., 2016] . Although the effect of negative dental experiences on dental anxiety has been contradictory [Eli et al., 1997; Rojas-Alcayaga et al., 2015] , dental anxiety in turn is strongly related with lower OHRQOL [Carlsson et al., 2015; Barbosa et al., 2016] . Furthermore, it is likely that OHRQOL is strongly related to personal perceptions of oral health, as it is designed to measure psychological well-being related to the oral health status. The personal perception of one's own oral health is formed by experiences [McGrath et al., 2004] . Most likely, our results show a mixture of the longitudinal and cross-sectional influences of caries on OHRQOL. Further studies could focus on the individual effects of longitudinal and cross-sectional effects of caries experience separately on OHRQOL.
This research gives insight into longitudinal influences of clinical factors such as caries on OHRQOL and subsequently promotes oral health prevention strategies for young children. Our study highlights the importance of promoting good oral health during childhood because those who get a compromised start to oral health are much more likely to follow a trajectory which will lead to poor oral health(-related QOL) later. The development of risk factors like unhealthy habits or socioeconomic disadvantage tend to persist and increase through life and need to be tackled as early as possible. Multicomponent interventions targeting at individual-level determinants, family-level determinants, and environmental determinants of poor oral health in childhood should be designed as it is known from other public health areas that those multicomponent interventions are most effective [van Sluijs et al., 2007] .
In conclusion, dental caries at the age of 6 can be seen as a predictor for lower OHRQOL at the age of 10. Further research is needed to determine whether this association exists because children with former caries experience also have more caries later in childhood or because the experiences of dental caries at a young age have caused a longitudinal impairment of OHRQOL.
